Introduction
============

In 1985, Professors Stanley Fahn and David Marsden created a new society, now known as the International Parkinson and Movement Disorders Society (MDS).[@b1-dic-8-212586],[@b2-dic-8-212586] Since then, there has been a remarkable development of the subspecialty of neurology, defined today as 'movement disorders'. This term was suggested by Professor Lewis Rowland to Professor Fahn, to encompass all disorders hypokinetic and hyperkinetic, which were previously known as extrapyramidal syndromes.[@b2-dic-8-212586] It should also be remembered that Dr. Derek Denny-Brown, professor of neurology at Harvard Medical School -- in his classic book, published in 1962, entitled *The Basal Ganglia and Its Relation to the Disorders of Movement* -- was one of the first researchers to draw attention to this subspecialty.[@b3-dic-8-212586] The main movement disorders are shown in [Figure 1](#f1-dic-8-212586){ref-type="fig"}.

With the definition of movement disorders and their diagnostic criteria and classifications, new studies for therapeutics could be performed. New drugs were launched, functional neurosurgery was developed, and the introduction of botulinum toxin (BoNT) for hyperkinesias was introduced. The United States Food and Drug Administration (FDA) approved BoNT in 1989 for the treatment of strabismus, blepharospasm, and hemifacial spasm. Since then, the use of BoNT has continued to expand within and outside movement disorders and beyond neurology.[@b4-dic-8-212586],[@b5-dic-8-212586]

The aim of this review is to present the new and well-established uses of BoNT for movement disorders.

Methods
=======

Our review followed a search strategy that included articles published in either English, Portuguese, or Spanish in both MEDLINE and LILACS databases, from the oldest articles available until the most recent ones published online in March 2019, by using an association of the keywords *movement disorders*, *parkinsonism*, *Parkinson's disease*, *tremor*, *dystonia*, *chorea*, *tics*, *myoclonus*, and *spasticity* with any of the other following*: botulinum toxin*, *BTX-*A, *BTX-B*, *BoNT-A*, *BoNT-*B, *Botox*, *Dysport*, *Xeomin*, *Myobloc*, and *Neurobloc*. We broadened our search by including the references cited in review articles.

Inclusion criteria for this review were as follows: (1) relevant articles related to efficacy, safety, tolerability, or mechanism of action; (2) articles limited to human beings; (3) articles limited to experimental clinical studies. Articles were excluded if (1) articles with BoNT types and brands were not approved by the FDA or (2) articles were not available/could not be read in their entirety. The recommendations for the treatments were made based on the ranking of the articles chosen. Articles were then ranked based on therapeutical evidence (I, II, III, and IV) and on the strength of recommendation according to levels of evidence (A, B, C, and U) defined by the guideline of the American Academy of Neurology.[@b6-dic-8-212586]

Botulinum toxin
===============

Christian Andreas Justinus Kerner published the first case of botulism in 1817. After clinical follow-up of his patients, he correctly concluded that the substance 'sausage poison' or 'fatty acid' paralyzed the skeletal muscle function and the parasympathetic nervous system and proposed its use as a therapeutic agent in neurological diseases characterized by involuntary movements.[@b7-dic-8-212586]--[@b9-dic-8-212586] In 1870, the name *sausage poison* was replaced by *botulinum toxin* (from the Latin word *botulus*, meaning 'sausage').[@b7-dic-8-212586] Kerner is remembered as the intellectual founder of modern BoNT therapy; however, BoNT was only first purified in 1945, and its therapeutic use was initiated in the 1980s by Alan B Scott in patients with strabismus.[@b7-dic-8-212586]--[@b11-dic-8-212586]

BoNT is a complex mixture of proteins that include a botulinum neurotoxin and several nontoxic proteins, produced by *Clostridium botulinum*.[@b9-dic-8-212586],[@b11-dic-8-212586] The functional portion of the neurotoxin is a peptide composed of a 100-kDa heavy chain and a 50-kDa light chain, which blocks the release of acetylcholine at the nerve terminals, causing the denervation of the motor terminals.[@b2-dic-8-212586],[@b10-dic-8-212586],[@b12-dic-8-212586] This neurotoxin action occurs in terminals of cholinergic neurons at the neuromuscular junction. The neurotransmission of acetylcholine is a complex process resulting from a cascade of physiological and biochemical changes. The change in membrane potential increases the intracellular concentration of calcium. Intracellular calcium catalyzes the reaction between a group of proteins necessary for the fusion of the acetylcholine vesicles with the cell membrane allowing the release of the neurotransmitter at the synapse. This group of proteins, known as SNARE complex (soluble N-ethylmaleimide-sensitive factor attachment receptor), consists of synaptobrevin, SNAP-25 (25 kD synaptosomal-associated protein) and membrane-bound syntaxin.[@b10-dic-8-212586],[@b12-dic-8-212586] The effect BoNT is temporary, as axonal sprouting on the nerve terminal of the neuromuscular junction reestablishes acetylcholine release to the synaptic gap, which leads to restored muscle contraction. This resprouting phenomenon makes it necessary to periodically administer BoNT to maintain the therapeutic effect.[@b10-dic-8-212586],[@b12-dic-8-212586]

There are eight different serotypes of BoNT: A, B, C, D, E, F, G, and H. Even though all of them inhibit acetylcholine release on the nerve terminal, their target proteins, intrinsic mode of action, and potency vary substantially. The types A and B were first designated by Georgenia Burke in 1919 and are the only ones approved by the United States FDA currently for therapeutic use.[@b10-dic-8-212586],[@b12-dic-8-212586],[@b13-dic-8-212586] The type H is the deadliest toxin available that was discovered by Stephen Arnon in 2009.[@b14-dic-8-212586] Although they all inhibit the action of acetylcholine on nerve terminals, their target proteins, action, and potency characteristics vary substantially.[@b10-dic-8-212586],[@b15-dic-8-212586],[@b16-dic-8-212586] BoNT-A and BoNT-B are similar in number of amino acids and molecular weight. BoNT-A acts on SNAP-25, whereas BoNT-B acts on synaptobrevin.[@b10-dic-8-212586]

Over the last decades, several studies have proved the safety and efficacy of different formulations of BoNT used in neurological practice. In 2009, new generic names were associated with BoNT in the FDA. Commercially available formulations are listed in [Table 1](#t1-dic-8-212586){ref-type="table"}. As the methodology of studies varies significantly among industrial formulations, a direct equivalence of dosage should not be warranted; therefore, the choice of a specific brand of toxin and dosage to be administered is a medical decision tailored individually for each patient.

The improvement of the symptoms, after the injection of the BoNT in the muscles, usually occurs from 1 to 14 days. The peak effect is expected for 2--6 weeks, and loss of effect starts within 10--12 weeks. Some degree of muscular atrophy is observed after 1--2 weeks of treatment and a return to about 70--80% of muscle mass is noted after 3 months.[@b17-dic-8-212586]

Use of BoNT for hyperkinetic disorders
======================================

Dystonia
--------

The term *dystonia* was coined by Hermann Oppenheim in 1911.[@b18-dic-8-212586] In 2013, an international consensus committee proposed the following revised definition: "Dystonia is a movement disorder characterized by sustained or intermittent muscle contractions causing abnormal, often repetitive, movements, postures, or both. Dystonic movements are typically patterned, twisting, and may be tremulous. Dystonia is often initiated or worsened by voluntary action and associated with overflow muscle activation".[@b19-dic-8-212586] Dystonias vary greatly in clinical presentation, affecting almost any area of the skeletal muscle. BoNT is the standard treatment for focal and segmental dystonias. The recommended levels for the treatment of dystonia and other movement disorders with BoNTs are in [Table 2](#t2-dic-8-212586){ref-type="table"}.

### Blepharospasm

In 1989, Onabotulinum toxin A (Onabot-A) was approved by the FDA for use in blepharospasm. Previously, there was no effective clinical or surgical treatment for this condition.[@b20-dic-8-212586] Onabot-A, abobotulinumtoxinA (Abobot-A), and incobotulinumtoxinA (Incobot-A) can be considered as therapeutic options. Initial studies with Onabot-A, at doses between 25 and 50 U, demonstrated efficacy with few adverse effects (visual blurring and ptosis).[@b21-dic-8-212586],[@b22-dic-8-212586] A Cochrane systematic review has concluded that although there is no high-quality, randomized, controlled efficacy data to support the use of Onabot-A for blepharospasm, other studies suggest that Onabot-A is highly effective and safe for treating blepharospasm and support its use. The effect size (90% of patients benefit) seen in open studies makes it very difficult and probably unethical to perform new placebo-controlled trials of efficacy of BoNT-A for blepharospasm.[@b23-dic-8-212586] A double-blind, randomized, placebo-controlled study at a dose of 50 U per eye of Incobot-A[@b24-dic-8-212586] and a comparative study with the same doses of Incobot-A and Onabot-A[@b25-dic-8-212586] showed similar efficiency and safety between the two drugs. In a study evaluating 212 patients using a 4:1 ratio of Abobot-A to Onabot-A[@b26-dic-8-212586] and in another study evaluating 42 patients at a ratio of 4:1.6 to toxins,[@b27-dic-8-212586] there were similar results in duration as well as efficacy and adverse effects.

### Cervical dystonia

Cervical dystonia is the most common of the focal dystonias.[@b28-dic-8-212586] The classification of cervical dystonia includes torticollis (rotation or turning of head toward one side), anterocollis (flexion of head and neck), laterocollis (head tilting toward one side), and retrocollis (extension of head and neck). A combination of these movements is commonly seen in clinical practice. Recently, combinations of complex cervical dystonias have been classified depending on the neck (collis) and head (caput) movements.[@b29-dic-8-212586]

BoNT is the first choice of treatment for cervical dystonia.[@b30-dic-8-212586],[@b31-dic-8-212586] Approximately 50--90% of the patients presented improvement of the dystonic symptoms together to improve dystonia-dependent pain.[@b32-dic-8-212586]--[@b34-dic-8-212586]

The muscles selected for injection vary according to the type of dystonia. For example, for torticollis, the BoNT is injected into the contralateral sternocleidomastoid muscle and ipsilateral splenius muscles; for laterocollis, into the ipsilateral sternocleidomastoid, splenius, trapezius, and scalene muscles; for bilateral retrocollis, into the splenius and trapezius muscles; and for bilateral anterocollis, into the sternocleidomastoid muscles.[@b32-dic-8-212586],[@b33-dic-8-212586] Injection may be added to the ipsilateral or contralateral trapezius in cases of torticollis and also in the contralateral trapezius in cases of laterocollis.[@b33-dic-8-212586],[@b34-dic-8-212586]

Some studies have been conducted to verify the efficacy of BoNT.[@b33-dic-8-212586]--[@b39-dic-8-212586] Abobot-A, Onabot-A, and Incobot-A should be considered as treatment options. The total dose of BoNT used for cervical dystonia depends on the serotype and trademark. The recommended dose for initiation with Abobot-A is 500 U resulting in a significant benefit for the majority of patients with minimal adverse effects. With Onabot-A, studies have demonstrated efficacy at a suggested dose of between 100 and 300 U.[@b40-dic-8-212586] A placebo-controlled study using Incobot-A showed improved scores from the 4th week of the 120 and 240 U doses.[@b39-dic-8-212586] For Rimabotulinum toxin B (Rimabot-B), doses may range from 2500 to 10,000 U to achieve safety effectiveness.[@b40-dic-8-212586] BoNT-A and BoNT-B have both been approved for treatment of cervical dystonia, and it was seen in studies that there was no significant difference between their efficacies.[@b41-dic-8-212586]

### Task-specific dystonia

Task-specific dystonia (TSD) is characterized by abnormal motor activation during the performance of specific, repetitive actions. They are a diverse group of focal dystonias affecting an isolated body part and are triggered, at least initially, by a specific action. In the 1860s, Samuel Solly labeled the difficulty with writing of some clerks 'scrivener's palsy' and it is now called writer's cramp. TSD may affect musicians, typists, hairdressers, painters, shoemakers, and tailors. Sport-related TSDs have also been described in golfers, pistol shooters, and ping-pong players, among others.[@b42-dic-8-212586]

Writer's cramp may start with torsion posture or as tremor associated with the dystonic posture. In 1993, Tsui et al.[@b43-dic-8-212586] published a randomized controlled trial that showed improvement in motor control scores in 20 patients treated with Onabot-A. In 1995, Cole and colleagues[@b44-dic-8-212586] published a nonrandomized, placebo-controlled clinical study. The dose was from 25 to 40 U, in 10 patients in the Onabot-A group. There was improvement in 80% of patients using Onabot-A through a subjective assessment scale, and 4 of 6 patients reported improvement in writing speed.[@b44-dic-8-212586] In 2007, Kruisdijk and colleagues[@b45-dic-8-212586] published a randomized, placebo-controlled, 1-year study showing the use of Abobot-A in 20 patients (mean dose of 100 U/application). Moreover, 30% of patients refused a second application, referring to pain at the site of application and objective or subjective weakness.[@b45-dic-8-212586] Despite the efficacy and safety of treatment with these BoNTs, there is no consensus on doses, site of application, or application technique. The clinical responses in the studies were very varied and sometimes the improvement in movement scores did not correspond to the patients' clinical satisfaction. Moreover, there is a delicate balance between reducing dystonic symptoms without inducing concurrent residual weakness resulting in loss of motor function.[@b42-dic-8-212586]

In other TSDs, as in musicians, with treatment many affected are no longer able to play professionally, due to the high level of fine motor skill required for continued professional performance.[@b40-dic-8-212586] Therefore, the use of BoNTs in patients with TSDs should be indicated and performed by experienced neurologists.

### Spasmodic dysphonia

Spasmodic dysphonia is an inappropriate glottic closure or opening due to spasm of intrinsic laryngeal muscles. Symptoms include hoarseness and strangled speech breaks (adductor type) or hypophonia and breathy voice (abductor type).[@b46-dic-8-212586] In 1991, Truong and colleagues[@b47-dic-8-212586] published a randomized, placebo-controlled trial using Onabot-A at the mean dose of 5 U/patient with unilateral application in thyroarytenoid muscle. The results showed an excellent response with a low incidence of adverse effects at the doses used. We related the treatment of 12 patients with adductor laryngeal dystonia. Onabot-A was injected in the cricothyreoid membrane, directed toward the thyreoarytenoid muscle, with the aid of electromyography needles. Most of the patients who underwent Onabot-A injection had a significant improvement of their symptoms (83%), with effects lasting for 4 months on average and without important side effects.[@b48-dic-8-212586] Two meta-analyses confirmed the safety and effectiveness of Onabot-A for the treatment of laryngeal dystonia.[@b49-dic-8-212586],[@b50-dic-8-212586]

### Oromandibular dystonia and bruxism

Oromandibular dystonia (OMD) is a rare focal form of dystonia, characterized by repetitive involuntary jaw movements, subdivided in jaw-opening (JO) or jaw-closing (JC) types. Symptoms may interfere with essential daily living activities, such as feeding, chewing, swallowing, and speaking.[@b51-dic-8-212586]--[@b53-dic-8-212586] This type of dystonia is often associated with blepharospasm (defining Meige's syndrome), and cervical dystonia (referred to as cranial-cervical dystonia). JC-OMD is caused by dystonic spasms of the masseter and temporalis muscles, leading to trismus and bruxism. JO-OMD is caused by dystonic contractions of lateral pterygoids, anterior belly of the digastric muscle, and submentalis (geniohyoid, digastric, mylohyoid) muscles.[@b51-dic-8-212586],[@b54-dic-8-212586] OMD, especially JO dystonia, remains one of the most challenging forms of dystonia to treat.[@b50-dic-8-212586]

JO-OMD, using an intraoral approach for injections of lateral pterygoid muscles, may require the use of electromyography,[@b53-dic-8-212586] and the use of BoNT-A in the submentalis complex can improve the results.[@b51-dic-8-212586]--[@b53-dic-8-212586] In our series of patients with Wilson's disease and JO-OMD, the use of Onabot-A was partially effective (mild-to-moderate efficacy) in improving the movements, and the most common side effect was transient mild dysphagia, which occurred in 60% of patients.[@b55-dic-8-212586]

Tan and Jankovic[@b49-dic-8-212586] evaluated 162 patients who received 2529 Onabot-A treatments into the jaw muscles (masseters, submental muscle complex, or both). The mean muscle dose for masseter (per side) was from 25 to 100 U, and for the submentalis complex was 28.6±16.7 U (range, 10--200 U). Definite functional improvement (global score ≥3) in chewing and speaking was reported in 110 patients (67.9%). A significantly higher number of patients with JC-OMD reported functional improvement (global rating ≥3) compared with JO-OMD (80%×57.1%). The most common complications included dysarthria (44 patients/124 visits) and dysphagia (7 patients/11 visits). Patients categorized as JO-OMD and mixed had significantly higher complication rates.[@b51-dic-8-212586]

The frequency of bruxism is significantly higher in the dystonic patients, and its clinical features overlap with JC-OMD.[@b56-dic-8-212586] Small controlled studies have provided evidence that BoNT is a safe and effective treatment of bruxism.[@b57-dic-8-212586]--[@b59-dic-8-212586] Two of them were performed with Onabot-A.[@b55-dic-8-212586],[@b56-dic-8-212586] Guarda-Nardini and colleagues[@b57-dic-8-212586] injected BoNT into the masseter muscles, and there was reduction in pain and improvement in range of mandibular movements. Ondo and colleagues[@b58-dic-8-212586] used Onabot-A 200 U/patient injecting into the masseter and temporal muscles, also demonstrating improvement of pain and movements. A study with Abobot-A, 80 U/patient in masseter muscles, also showed similar results.[@b59-dic-8-212586]

Myoclonus
---------

### Hemifacial spasm

The hemifacial spasm is a segmental myoclonus of the face, which affects the muscles innervated by the ipsilateral facial nerve. It may be associated with vascular compression of the facial nerve in its emergence, in the brainstem.[@b60-dic-8-212586]

Onabot-A appears to be an effective and safe method of therapy for hemifacial spasm. Yoshimura and colleagues[@b61-dic-8-212586] investigated the effectiveness of Onabot-A injections in 11 patients with hemifacial spasm in a prospective placebo-controlled blinded study. Objective improvement was seen after 84% of injections with Onabot-A. The most frequent side effect was facial weakness, seen after 97% of injections of BoNT. Facial bruising (20%), diplopia (13%), ptosis (7%), and various other mild side effects were seen less frequently. Another study compared the results with Incobot-A in the same group of patients (n=14) treated with Onabot-A first.[@b60-dic-8-212586] The mean dose was 43.3±15 U of Incobot-A/application. The conclusion was that the presentations were similar in effectiveness; however the study had a number of methodological problems.[@b62-dic-8-212586] A 7-year follow-up open-label study of 175 patients with hemifacial spasm found a clinically significant response at Abobot-A.[@b63-dic-8-212586] The mean dose used was 92 U (28--220 U). The authors reported a reduction in the incidence of ptosis (from 27 to 9%) with the change of application point in the upper eyelid.[@b63-dic-8-212586]

### Palatal myoclonus (tremor)

Palatal myoclonus is now reclassified as a tremor, owing to its electrophysiology and clinical features.[@b64-dic-8-212586] Palatal myoclonus is characterized by involuntary palatal contractions, causing clicking tinnitus due to the action of soft palate muscles on the membranous Eustachian tube. For palatal myoclonus, Onabot-A can be injected in the soft palate under EMG guidance.[@b65-dic-8-212586] Injections into the tensor-veli-palatini muscle usually improve clicking sound (2.5 U injected transorally at the level of the pterygoid hamulus/lateral soft palate), whereas an injection into the levator-veli-palatini muscle (2.5 U placed medially on either side of the uvula) controls palatal movements. Risk of dysphagia associated with Onabot-A injections can be minimized by starting with a very low dose and, if no adverse effects are encountered, gradually increasing it in subsequent visits. It should be noted that some cases of palatal myoclonus might be of psychogenic (functional) origin, requiring insight-oriented psychotherapy.[@b66-dic-8-212586],[@b67-dic-8-212586]

### Spinal myoclonus

Most causes of spinal myoclonus have a spinal cord structural etiology.[@b64-dic-8-212586] There are only case reports of the use of Onabot-A for spinal myoclonus. If the myoclonus is limited to a certain myotome, Onabot-A injections can be helpful with limit systemic side effects.[@b68-dic-8-212586],[@b69-dic-8-212586]

Essential tremor
----------------

Tremor is an involuntary, rhythmic, oscillatory movement of a body part.[@b70-dic-8-212586] Essential tremor (ET) is among the most common movement disorders, and the most prevalent tremor disorder. Therefore, its importance as a clinical entity should not be underestimated. Although for many years ET was viewed as a monosymptomatic condition, it is known that clinical features are richer, including both motor and nonmotor features.[@b71-dic-8-212586]

BoNT-A has been tested in several studies for ET.[@b72-dic-8-212586] In 1991, Jankovic and Schwartz[@b73-dic-8-212586] first reported the effect of Onabot-A in 34 patients with ET in an open observation. Tremor improved in 67% of the patients, but 60% demonstrated hand weakness following injection into arm flexors and extensors. Jankovic[@b74-dic-8-212586] reduced or eliminated the injections into the extensor muscles and found an appreciable reduction of weakness with comparable tremor control. Only a single study with 20 patients with Abobot-A was performed. The results demonstrated efficacy of medication, but there were also finger weakness in 15% of patients.[@b75-dic-8-212586] Samotus and colleagues[@b76-dic-8-212586] used a cinematically guided, individualized, multi-joint upper limb injection approach to determine the efficacy and safety of Incobot-A for ET. Kinematics provided an objective and significant decrease in tremor amplitude. Eight participants (40%) self-reported mild weakness in injected muscles but had no interference in arm function. Mittal and colleagues[@b77-dic-8-212586] performed a randomized, double-blind, placebo-controlled, cross-over study, with Onabot-A injection pattern (dose and muscle selection) customized to each of 15 patients, and done under EMG guidance. Incobot-A group had a significant improvement compared to placebo group at 4 weeks and 8 weeks (*p*=0.003 and *p*=0.002, respectively). One patient withdrew from the study due to unacceptable hand weakness. Mild hand weakness lasting for few days to 4 weeks was seen in six patients in Incobot-A group and four patients in the placebo group (*p*=0.728).[@b77-dic-8-212586]

Recent studies have shown that the weakness of the hands with BoNT-A application can be minimized by the appropriate and individualized choice of the muscles applied. With the correct indication, the use of BoNT-A may be a recommended therapeutic option in the treatment of ET.[@b72-dic-8-212586]

Tics
----

Tics are sudden, rapid, recurrent, nonrhythmic motor movements (motor tics) or sound (phonic tics). Motor tics can be classified as myoclonic (jerk-like), dystonic (sustained), tonic (isometric contraction), and blocking (cessation of movement).[@b4-dic-8-212586],[@b67-dic-8-212586],[@b78-dic-8-212586] In addition to its brief, intermittent, and repetitive nature, other features of tics include suggestibility, suppressibility, and distractibility, which may lead to a wrong diagnosis of a tic as a 'psychogenic' movement disorder.[@b67-dic-8-212586],[@b78-dic-8-212586]--[@b81-dic-8-212586]

Focal or segmental motor tics and phonic tics may be successfully treated with Onabot-A injections in the affected muscles according to several small studies.[@b4-dic-8-212586],[@b80-dic-8-212586] However, there is only a randomized, placebo-controlled trial showing that Onabot-A injections are efficacious in reducing the frequency and urge of vocal and motor tics (n=18), but the patients did not report an overall benefit from the treatment.[@b79-dic-8-212586]

Use of BoNT for Parkinson's disease
===================================

BoNT has been used for motor symptoms related to Parkinson's disease (PD) including apraxia of eyelid opening, dystonias, levodopa-induced dyskinesias and freezing, and also for nonmotor manifestations, that is, sialorrhoea, dysphagia, hyperhidrosis, constipation, and urinary problems.[@b5-dic-8-212586],[@b13-dic-8-212586],[@b82-dic-8-212586],[@b83-dic-8-212586]

Rest tremor
-----------

Tremor in PD may be more refractory to standard pharmacologic treatments such as levodopa. The published data on the tremor of PD with BoNTs are limited to a few studies indicating that injection of Onabot-A and Incobot-A into forearm muscles may diminish the amplitude of resting and postural PD tremor. However, transient finger and hand weakness in the substantial number of patients and a modest but nonsignificant improvement in these patients dampened the enthusiasm to popularize the use of toxin for PD tremor.[@b82-dic-8-212586]--[@b85-dic-8-212586] A first randomized, double-blind, placebo-controlled clinical trial, with 34 patients, evaluating the efficacy of Incobot-A in PD tremor. There was a statistically significant improvement in clinical rating scores of rest tremor and tremor severity 4 and 8 weeks after the Incobot-A injection and of action/postural tremor at 8 weeks. There was no statistically significant difference in grip strength at 4 weeks between the two groups.[@b84-dic-8-212586] Therefore, in patients with poorly controlled PD limb tremor, BoNT injections can be considered, but limited by side effects even with individualized injection patterns.[@b82-dic-8-212586]--[@b85-dic-8-212586]

Camptocormia
------------

Camptocormia is defined as an axial dystonia, comprising 45 degrees of forward flexion, which reverses on sitting, lying down, walking with support, and standing against a wall. It affects the paraspinal muscles and can be considered secondary to the disease pathophysiology or sometimes also secondary to dopaminergic drugs used to treat the disease.[@b86-dic-8-212586] Thus, BoNT injections in the paraspinal muscles can probably help to alleviate these symptoms.[@b86-dic-8-212586] Studies related to this use of the BoNT are too few and have recruited less patients to provide any conclusive evidence related to this stated benefit of the toxin. The muscles usually injected are the rectus abdominis, iliopsoas, and external and internal obliques. Although ultrasound-guided injection of BoNT into iliopsoas muscle has been suggested for patients with camptocormia, injections of BoNT into the rectus abdominis and the external abdominal oblique muscles yield the most robust improvement of dystonic camptocormia.[@b5-dic-8-212586],[@b87-dic-8-212586] Variable results in the small studies may be related to difficult access of muscles for injection *versus* appropriateness of muscle selection. This suggests complexity of this syndrome and central control of abnormal posture that is difficult to treat with any form of therapy.[@b83-dic-8-212586]

Levodopa-induced dyskinesias and freezing of gait
-------------------------------------------------

Levodopa-induced dyskinesias can affect 45--85% of patients. The most common dyskinesias occur when the patients are under the effect of levodopa, and they have a choreo-dystonic nature. There has not been sufficient data to support BoNT injections for effective treatment of dyskinesias. However, BoNT can be helpful in selected patients with painful off period foot dystonia or other types of predictable phenomena such as blepharospasm or JC-OMD.[@b5-dic-8-212586],[@b88-dic-8-212586],[@b89-dic-8-212586]

Freezing of gait may be a dystonic manifestation and is considered to be unresponsive to medical therapy with dopaminergics. Small sample studies with Onabot-A and Rimabot-B injections into gastrocnemius-soleus complex or into tensor fascia latae muscle showed inconsistent benefit for freezing of gait.[@b90-dic-8-212586]--[@b93-dic-8-212586]

Use of BoNT for restless legs syndrome
======================================

Restless leg syndrome (RLS) is clinically diagnosed according to the five essential criteria defined by the International Restless Legs Syndrome Study Group (IRLSSG):[@b94-dic-8-212586]

-   An urge to move the legs usually but not always accompanied by, or felt to be caused by, uncomfortable and unpleasant sensations in the legs.

-   The urge to move the legs and any accompanying unpleasant sensations begin or worsen during periods of rest or inactivity such as lying down or sitting.

-   The urge to move the legs and any accompanying unpleasant sensations are partially or totally relieved by movement, such as walking or stretching, at least as long as the activity continues.

-   The urge to move the legs and any accompanying unpleasant sensations during rest or inactivity only occur or are worse in the evening or night than during the day.

-   The occurrence of the earlier features is not solely accounted for as symptoms primary to another medical or a behavioral condition.

It is known that RLS is a disease involving the dopaminergic system, but there are no complete studies demonstrating that it is on the same spectrum as PD.[@b95-dic-8-212586] The involvement of other dopaminergic pathways other than the nigrostriatal pathway of PD is suggested.[@b96-dic-8-212586] There is physiological evidence for hyperexcitability of the cortical--striatal--thalamic--cortical network in RLS leading to hyperexcitability of spinal motor neurons.[@b97-dic-8-212586] There is a higher prevalence of PD in men with RLS. SPI may precede the onset of PD motor symptoms, suggesting the possibility that it may be a premotor symptom.[@b95-dic-8-212586] Levodopa is currently recommended only for the treatment of intermittent RLS, whereas dopaminergic agonists are the most commonly used drugs for the treatment of RLS.[@b98-dic-8-212586]

Three open label studies and two randomized double-blind studies have evaluated the efficacy of BoNTs in RLS.[@b99-dic-8-212586]--[@b103-dic-8-212586] Nahab and colleagues[@b99-dic-8-212586] conducted a double-blind placebo-controlled study in six patients from whom three were injected with Onabot-A and three were injected with placebo. The Onabot-A dose was 90 units injected under EMG guidance into each leg muscle (quadriceps femoris, tibialis anterior, gastrocnemius, and soleus). There was no significant improvement of the IRLS score or clinical global improvement score in the Onabot-A group compared to placebo.[@b99-dic-8-212586] Two other small open studies (three and eight patients) showed improvement in the control of leg movements with Onabot-A.[@b100-dic-8-212586],[@b101-dic-8-212586] Ghorayeb and colleagues,[@b102-dic-8-212586] in another open-label study, assessed the efficacy of intradermal injection of Abobot-A (250 units to the anterior and posterior thigh muscles) in 26 patients with severe RLS. All patients had improvement in IRLS score. Mittal and colleagues[@b103-dic-8-212586] presented a double-blinded placebo-controlled study assessing the efficacy and safety Incobot-A in refractory RLS patients. There was significant improvement from a severe (IRLS \>21) to a mild/moderate (IRLS 20) score at 4 weeks (*p*=0.0036) and 6 weeks (*p*=0.0325) following Incobot-A administration compared to placebo. Additionally, there was significant improvement in pain score by VAS at 4 weeks (*p*=0.01) and in the Johns Hopkins QoL questionnaire at 6 weeks (*p*=0.04) in the Incobot-A group.[@b103-dic-8-212586] Future studies may confirm the use of BoNT-A for severe cases of RLS.

Use of BoNT for spasticity
==========================

Spasticity can be defined as an abnormal increase in muscle tone resulting from a lesion to the central nervous system compromising the pyramidal pathways (corticothalamic tract, corticospinal tract, or the spine), specifically the upper motor neuron, thus leading to an imbalance of the action of agonists and antagonists muscles resulting in an increase in the resistance to passive movement, reduction of the amplitude of active movements, and functional compromise.[@b104-dic-8-212586],[@b105-dic-8-212586]

Two BoNT-A formulations (Abobot-A and Onabot-A) are effective and safe for the treatment of spasticity of upper and lower limbs. Incobot-A is a formulation that is effective and safe for the treatment of spasticity of the upper limbs in adults. Rimabot-B is also probably safe and effective in treating upper limb spasticity.

The modified Ashworth scale for spasticity was used as a parameter in nine Class I studies and corroborated the efficacy of Abobot-A, showing a significant reduction of the injected upper limbs muscle tone.[@b106-dic-8-212586]--[@b116-dic-8-212586] However, this efficacy in decreasing spasticity does not necessarily leads to functional improvement in some patients. Side effects are rare and have been reported in some studies, which include mostly weakness or pain on the injected muscles, or flu-like reactions.[@b106-dic-8-212586]--[@b109-dic-8-212586] Class I studies with Onabot-A also showed efficacy and safety in the reduction of spasticity of upper limbs in adults, as observed with Abobot-A. Adverse effects most commonly seen were muscle weakness, pain, and hematoma at the site of injection.[@b115-dic-8-212586]--[@b120-dic-8-212586] Efficacy and safety of Incobot-A for the treatment of spasticity of upper limbs in adults were assessed and confirmed in two Class I studies. Both studies found functional improvement, as there was an enhancement in all the domains of the Disability Assessment Scale.[@b121-dic-8-212586],[@b122-dic-8-212586]

Class I studies with Abobot-A[@b123-dic-8-212586]--[@b125-dic-8-212586] and Onabot-A[@b115-dic-8-212586],[@b126-dic-8-212586]--[@b128-dic-8-212586] also confirmed the security and efficacy of both formulations for the treatment of spasticity of lower limbs in adults. Adverse events, similar to those related in the upper limbs, were not significant when compared to the ones reported by patients in the control group treated with placebo.[@b123-dic-8-212586],[@b126-dic-8-212586] Most authors note a functional improvement, beyond that self-reported by patients. Nevertheless, no clear sustained proof of this effect has been documented. Therefore, there is still a need to devise or establish more adequate tools for assessment of the effect of BoNT on functional improvement.

BoNTs were rarely used and tested in studies for spasticity in progressive diseases. Ineffectiveness for motor enhancement in hereditary spastic paraplegics in a study, for example, is not enough to define the indication status for BoNTs in these patients.[@b129-dic-8-212586]

Conclusions
===========

BoNT was a milestone in the treatment of movement disorders. Over the years, many studies have been done proving the efficacy and safety of this drug in neurological diseases. Today, some movement disorders have BoNT as standard treatment.
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###### 

Presentations of botulinum toxin.

  ---------------------------------------------------------------------------------------------------------------------------
  Botulinum toxin type                                                Brand name
  ------------------------------------------------------------------- -------------------------------------------------------
  Botulinum toxin A                                                   

   OnabotulinumtoxinA[\*](#tfn1-dic-8-212586){ref-type="table-fn"}    Botox (Vistabel, Vistabex, Vista)\
                                                                       Allergan, Inc., Irvine, CA, USA

   AbobotulinumtoxinA[\*](#tfn1-dic-8-212586){ref-type="table-fn"}    Dysport (Azzalure, Reloxin)\
                                                                       Ipsen Biopharm Ltd., Wrexham, UK

   IncobotulinumtoxinA[\*](#tfn1-dic-8-212586){ref-type="table-fn"}   Xeomin (Bocouture, Xeomeen)\
                                                                       Merz Pharmaceuticals GmbH, Frankfurt, Germany

   LetibotulinumtoxinA                                                Botulax (Zentox, Regenox, Botulim, Reage, Botoshot)\
                                                                       Hugel Inc., Chuncheon, South Korea

   PrabotulinumtoxinA                                                 Nabota\
                                                                       Daewoong Pharmaceutical Co., Ltd, Seoul, South Korea

   --                                                                 Prosigne (BTAX, Lantox, Lanzox, Liftox, Redux)\
                                                                       Lanzhou Biological Products, Lanzhou, Gansu, China

   --                                                                 Meditoxin (Neuronox, Botulift, Siax)\
                                                                       Medy-Tox Inc., Seoul, South Korea

  Botulinum toxin B                                                   

   RimabotulinumtoxinB[\*](#tfn1-dic-8-212586){ref-type="table-fn"}   Myobloc/Neurobloc\
                                                                       US WorldMeds, LLC., Louisville, KY, USA
  ---------------------------------------------------------------------------------------------------------------------------

Food and Drug Administration (USA) approved.

Table compiled using data made publicly available by manufacturers.

###### 

Evidence-based recommendations for the efficacy of FDA-approved botulinum toxins.[@b6-dic-8-212586]

  Indication                   Onabot-A (Botox)   Abobot-A (Dysport)   Incobot-A (Xeomin)   Rimabot-B (Myobloc)
  ---------------------------- ------------------ -------------------- -------------------- ---------------------
  Blepharospasm                B                  C                    B                    U
  Cervical dystonia            B                  A                    B                    A
  Writer's cramp               C                  C                    --                   --
  Spasmodic dysphonia          B                  --                   --                   --
  Oromandibular dystonia       U                  U                    --                   --
  Hemifacial spasm             C                  C                    C                    U
  Palatal myoclonus (tremor)   U                  --                   --                   --
  Tics                         C                  --                   --                   --
  Essential tremor             C                  U                    B                    --
  PD rest tremor               C                  --                   C                    --
  PD camptocormia              U                  U                    --                   --
  PD levodopa complications    U                  U                    U                    U
  Restless legs syndrome       U                  U                    C                    --
  Upper limbs spasticity       A                  A                    A                    B
  Lower limbs spasticity       A                  A                    --                   U

OnabotulinumtoxinA (Allergan, Inc., Irvine, CA, USA); abobotulinumtoxinA (Ipsen Biopharm Ltd., Wrexham, UK); incobotulinumtoxinA (Merz Pharmaceuticals GmbH, Frankfurt, Germany); rimabotulinumtoxinB (US WorldMeds, LLC., Louisville, KY, USA).

FDA, Food and Drug Administration; PD, Parkinson's disease. Level A: effective; Level B: probably effective; Level C: possibly effective; Level U: insufficient evidence.

Table compiled by the authors based on the articles referenced in this article. See Methods section for more detail.
